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OPTICAL DEPOLARIZERS AND DGD 
GENERATORS BASED ON OPTICAL DELAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of and 
claims priority to co-pending US. application Ser. No. 
11/616,264, ?led Dec. 26, 2006, US. Pat. No. 7,535,639, 
Which is a divisional ofU.S. application Ser. No. 10/418,712, 
?led on Apr. 17, 2003, now US. Pat. No. 7,154,659, Which 
claims bene?t of US. Provisional Application Ser. No. 
60/413,806, ?led Sep. 25, 2002, and US. Provisional Appli 
cation Ser. No. 60/373,767, ?led Apr. 18, 2002. 
[0002] The disclosures of the above-referenced applica 
tions are incorporated by reference as part of the disclosure of 
this application. 

BACKGROUND 

[0003] This application relates to optical devices, and in 
particular, to optical depolarizers and devices for generating 
differential group delays (DGDs) and their applications. 
[0004] Optical depolarizers are optical devices for reducing 
the degree of optical polarization of an input optical beam or 
randomizing the input polarization. Applications for such 
depolarizers include but are not limited to optical netWorks, 
test & measurement, and sensor applications. In an optical 
netWork application, for example, a depolarizer may be used 
to eliminate polarization sensitivity of Raman ampli?ers. In 
test and measurement systems, depolarizing the output beam 
from a source laser may be used to eliminate polarization 
sensitivity of many test instruments. 
[0005] Generation of variable DGDs has applications in 
optical communication systems and devices Where polariza 
tion-mode dispersion (PMD) is present. 

SUMMARY 

[0006] This application includes techniques and devices to 
depolarize light and to produce a desired differential group 
delay in optical signals. In general, an input optical beam is 
split into ?rst and second beams With orthogonal polariza 
tions. One or tWo optical re?ectors are then used to cause the 
?rst and second optical beams to undergo different optical 
path lengths before they are recombined into a single output 
beam. An adjustment mechanism may be implemented to 
adjust the difference in the optical path lengths of the ?rst and 
second beams to produce a variable DGD. When the depo 
larization of light is desired, the difference in the optical path 
lengths of the ?rst and second beams is set to be greater than 
the coherence length of the input optical beam. 
[0007] In one exemplary implementation, a device of this 
application may include a ?rst polarization beam splitter 
(PBS), a second PBS, and a re?ector arranged to form an 
optical system. The ?rst PBS is positioned to receive an input 
optical beam With a coherent length and to split the input 
optical beam into a ?rst beam and a second beam polarized 
orthogonal to the ?rst beam. The re?ector is positioned to 
re?ect the ?rst beam to the second PBS to cause an optical 
path difference betWeen the ?rst and the second beams at the 
second PBS to be greater than the coherent length. The second 
PBS is positioned to receive and combine the ?rst and the 
second beams to produce an output beam. 
[0008] In another exemplary implementation, a device of 
this application may include a polarization beam splitter 
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(PBS) to receive an input optical beam With a coherent length 
and to split the input optical beam into a ?rst beam and a 
second beam polarized orthogonal to the ?rst beam. The 
device also includes ?rst and second re?ectors, ?rst and sec 
ond polarization elements. The ?rst re?ector is positioned 
relative to the PBS to re?ect the ?rst beam back to the PBS. 
The ?rst polarization element is located betWeen the ?rst 
re?ector and the PBS to rotate a polarization of a re?ection of 
the ?rst beam at the PBS to be perpendicular to the ?rst beam 
When initially exiting the PBS. The second re?ector is posi 
tioned relative to the PBS to re?ect the second beam back to 
the PBS. The second polarization element is located betWeen 
the second re?ector and the PBS to rotate a polarization of a 
re?ection of the second beam at the PBS to be perpendicular 
to the second beam When initially exiting the PBS. The ?rst 
and the second re?ectors are positioned to produce a differ 
ence in optical paths of the ?rst and the second beams upon 
being re?ected back to the PBS that is greater than the coher 
ent length of the input optical beam. 
[0009] The above and other devices of this application may 
operate as depolarizers. In addition, such devices may also be 
applied to produce a ?xed pure ?rst-order differential group 
delay (DGD). Pure ?rst order DGD can have important appli 
cations in compensating for polarization mode dispersion. 
The DGD devices may be designed With loW fabrication cost 
and compact size in order to compete With PM ?bers. The 
polarization insensitive version of such a device may also be 
used as a passive bandWidth limiter. 

[0010] These and other implementations, features, and 
associated advantages are noW described in detail With refer 
ence to the draWings, the detailed description, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs an exemplary device for depolariza 
tion or generating a variable DGD, Which includes tWo polar 
ization beam splitters (PBS) and an optical re?ector such as a 
prism re?ector. 
[0012] FIG. 2A shoWs an exemplary polarization-insensi 
tive device of this application. 
[0013] FIG. 2B illustrates orientations of polarizations in 
the device in FIG. 2A. 

[0014] FIGS. 3A and 3B shoW another exemplary polariza 
tion-insensitive device and the orientation of an input polar 
ization beam displacer With respect to the input state of polar 
ization. 

[0015] FIG. 4 shoWs one implementation of a device having 
a polarization beam splitter and tWo optical re?ectors. 
[0016] FIG. 5 shoWs the orientation of quarter Waveplates 
used in the device in FIG. 4 for rotating optical polarization of 
each re?ected beam. 

[0017] FIG. 6 shoWs a modi?ed device based on the designs 
in FIGS. 4 and 5 by using a Faraday re?ector in one re?ection 
optical path and a ?ber to provide a long optical delay relative 
to another re?ection optical path. 
[0018] FIG. 7A shoWs a device based on the designs in 
FIGS. 4 and 5 With a dual ?ber collimator and a prism polar 
ization beam combiner in the input path. 
[0019] FIG. 7B shoWs relevant states of polarization in the 
device in FIG. 7A. 

[0020] FIGS. 8 and 9 shoW tWo additional exemplary 
devices based on the design in FIG. 4. 
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[0021] FIG. 10 shows yet another design for implementing 
depolarizers or DGD generators. 

DETAILED DESCRIPTION 

[0022] The techniques and devices of this application split 
an input optical beam at an input location into ?rst and second 
beams With orthogonal polarizations. At least one re?ector is 
used to re?ect the ?rst input beam along a path different from 
the second beam to produce a difference in optical path 
lengths of the tWo beams at a common location Where they are 
recombined into a single output beam. 

[0023] FIG. 1 shoWs one implementation of a depolarizer 
100 Which includes tWo polarization beam splitters (PBSs) 
110 and 120 and an optical re?ector 130 such as a prism 
re?ector. The ?rst PBS 110 is used as an input port to receive 
input light 101 and to split input light into tWo orthogonal 
linearpolarizations 111 and 112. The transmitted polarization 
111, e.g., the P polarized light, is directed to the prism re?ec 
tor 130. The re?ected polarization 112, e.g., the S polarized 
light, is directed to the second PBS 120. The transmitted P 
polarized light 111, after re?ected by the prism re?ector 130, 
is directed to the second PBS 120. The second PBS 120 
combines the S and P polarizedbeams 112 and 111 to produce 
the output beam 121 . When operated under proper conditions, 
this output beam 121 is depolarized. 
[0024] Notably, the distance betWeen the prism re?ector 
130 and the tWo PBSs 110 and 120 may be su?iciently long to 
be greater than the coherent length of the input optical beam 
101 so that the S and P polarized beams 112 and 111 received 
by the second PBS 120 are no longer coherent With each 
other. This condition alloWs the output light 121 from the 
second PBS 120 to be effectively depolarized. For a linear 
input beam 101, the input polarization should be at 45 degrees 
With respect to the passing polarization axis of the ?rst PBS 
1 1 0 to evenly split the input poWer betWeen tWo output beams 
111 and 112 ofthe ?rst PBS 110. 

[0025] In one implementation, an input ?ber may be used to 
direct the input beam 101 to the ?rst PBS 110. Accordingly, 
an output ?ber may be used to receive the output beam 121 
from the second PBS 120. The input ?ber may be polarization 
maintaining (PM) and the input light 101 is oriented 45° from 
the passing axis of the ?rst PBS 110. Under this condition, the 
linearly polarized input light 101 is split into “s” and “p” 
components 112 and 111 With equal poWer levels. Assuming 
the PBS 110 re?ects the “s” component 112 and transmits the 
“p” component 111, the “p” component 111 undergoes a 
longer optical path than the “s” component When they reach 
the second PBS 120. In order to achieve effectively depolar 
ization, the optical path difference betWeen the tWo compo 
nents 111 and 112 should be larger than the coherence length 
of the light source for producing the input light 101. In com 
parison With a typical birefringent-crystal-based Lyot depo 
larizer, this device 100 has the advantage of smaller size 
because of the double pass free-space design. In addition, the 
cost of the device 100 can be loW because no birefringent 
crystal is required. Table I shoWs the minimum device length 
for light source With different lineWidth. The length of this 
depolarizer may be signi?cantly shorter than a typical Lyot 
depolarizer, e. g., as much as 10 times less that that of a single 
section Lyot depolarizer. 
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TABLE I 

Length of Lyot 
depolarizer 

LineWidth Coherent length Length of GP depolarizer (An = 0.2) 

1 nm 2.4 mm 1.2 mm 12 mm 

0.1 nm 24 mm 12 mm 120 mm 

0.01 nm 240 mm 120 mm 1200 mm 

[0026] When the input ?ber that feeds the input light 101 to 
the PBS 110 is implemented With a single mode ?ber, the 
device 100 may be operated as a differential group delay line 
(DGD) for PMD compensationbecause different polarization 
components undergo different optical path delays. As a vari 
able DGD generator, it is not necessary that the difference in 
the optical path lengths in the device 100 be greater than the 
coherence length of the input light. The relationship betWeen 
the minimum device length (excluding lengths of PBS and 
re?ection prism) and DGD is listed in Table II. 

TABLE II 

Equivalent optical 
DGD path length Device length 

10 ps 3 mm 1.5 mm 

25 ps 7.5 mm 3.75 mm 

50 ps 15 mm 7.5 mm 

100 ps 30 mm 15 mm 

200 ps 60 mm 30 mm 

[0027] The design 100 shoWn in FIG. 1 may be used to 
construct compact DGD components. In addition, because 
the light beams propagate in the air betWeen the PBSs 110 and 
120 and the prism re?ector 130 Within the depolarizer 100 and 
the air has negligible dispersion, the device 100 may operate 
to produce a pure ?rst order DGD. 
[0028] The depolarizer 100 described in FIG. 1 is sensitive 
to the input polarization. In many applications, polarization 
insensitivity may be desirable. FIGS. 2A, 2B, 3A, and 3B 
illustrate tWo con?gurations that can eliminate the polariza 
tion sensitivity of the device in FIG. 1. 
[0029] FIG. 2A shoWs the ?rst polarization-insensitive 
depolarizer 200 according to one implementation. An input 
polarization beam displacer (PBD) 210 is placed in the input 
of the ?rst PBS 110 to separate tWo polarization components 
into tWo parallel paths 211 and 212 into the ?rst PBS 110. A 
polarization rotator 218 such as a half Wave plate is placed in 
one of the parallel paths to rotate the polarization in that path 
by 90°. Consequently, the tWo parallel input beams 211 and 
212 have the same linear polarization When entering the ?rst 
PBS 110. The input PBD 210 is oriented in such a Way that the 
linear polarization of the tWo input beams 211 and 212 is 450 
from the passing axis of the ?rst PBS 110, as shoWn in FIG. 
2B. As a result, each beam is split into tWo beams by the ?rst 
PBS 110. The “p” component transmitting through the PBS 
110 goes through a longer optical path through the re?ector 
130 before combining With the “s” component at the second 
PBS 120. Finally, the tWo beams are combined by a second, 
output PBD 220 to produce a depolarized output beam 221 . A 
second half Wave plate 228 is placed in one of the parallel 
paths betWeen the PBS 120 and the PBD 220 to rotate the 
polarization in that path by 90°. The PBD 220 is oriented 
complementarily from the ?rst input PBD 210 to alloW tWo 
parallel input beams With orthogonal polarizations to be com 
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bined into the single output beam 221. This output beam 221 
may then be directed into the output ?ber in a ?ber system. 
[0030] The PBDs 210 and 220 may be implemented in 
various con?gurations. For example, a properly-cut birefrin 
gent crystal, such as calcite, may be used to separate the 
ordinary and extraordinary beams With orthogonal polariza 
tions as parallel output beams. The ordinary polarization 
transmits straight through While the extraordinary transmits 
through the crystal at an angle With respect to the ordinary 
beam and emerges parallel to the ordinary beam. 
[0031] In a different con?guration 300 shoWn in FIG. 3A, a 
?rst PBD 210 is used to receive an input beam 101 and 
separates the beam 101 upon transmission into tWo parallel 
beams 211 and 212 With orthogonal polarizations. The PBD 
210 is so oriented that the tWo orthogonal polarizations are 
+/—45o from the passing axis ofthe PBS as shoWn in FIG. 3B. 
Consequently, each beam is split into “s” and “p” compo 
nents. Similarly, the “p” component travels along a longer 
optical path through the re?ector 130 before being combined 
With the “s” component at the second PBS 120. Finally, the 
tWo beams are combined by a second PBD 220 oriented 
complementarily from the ?rst PBD 210 to produce the depo 
larized output beam 221. In this con?guration, the half Wave 
plates 218 and 228 used in FIG. 2A are eliminated to reduce 
the cost of the device and to reduce its Wavelength sensitivity 
introduced by the half Wave plates. 
[0032] A pure ?rst order DGD may be used in the polariza 
tion mode dispersion compensation. HoWever, the DGD 
device should be compact and can be manufactured at a loW 
cost in order to compete With a PM ?ber DGD device. The 
above depolarizers may be used to produce such pure ?rst 
order DGDs for various applications. 
[0033] Notably, an adjustment mechanism may be imple 
mented in the above and other exemplary devices of this 
application to adjust the spacing betWeen the prism re?ector 
130 and the PBSs 110 and 120 to produce different or variable 
?rst order DGDs. This adjustment mechanism may be imple 
mented by, e.g., engaging the re?ector 130 to a movable 
element 205 that moves its position to change the position of 
the re?ector 130 in response to a control signal. Alternatively, 
the tWo PBSs 110 and 120 may be engaged to the movable 
element 205 to move relative to the re?ector 130. 

[0034] The folloWing sections of this application describe 
additional exemplary designs of optical depolarizers, includ 
ing, among others, designs With a long coherence length. 
Notably, FIGS. 4. 6, 7A, 8 and 9 shoW exemplary implemen 
tations of a different device con?gurations for either optical 
depolarization or generation of variable DGDs by using tWo 
separate re?ectors to form tWo separate re?ection optical 
paths. 
[0035] This type of design uses a polarization beam splitter 
(PBS) 410 to receive an input optical beam With a coherent 
length and to split the input optical beam into a ?rst beam and 
a second beam polarized orthogonal to the ?rst beam. First 
and second re?ectors 420 and 430, ?rst and second polariza 
tion elements 441 and 442 are used to form tWo different 
optical re?ection arms. The ?rst re?ector 430 is positioned 
relative to the PBS 410 to re?ect the ?rst beam back to the 
PBS 410. The ?rst polarization element 441 is located 
betWeen the ?rst re?ector 430 and the PBS 410 to rotate a 
polarization of a re?ection of the ?rst beam at the PBS 410 to 
be perpendicular to the ?rst beam When initially exiting the 
PBS 410. The second re?ector 420 is positioned relative to the 
PBS 410 to re?ect the second beam back to the PBS 410. The 
second polarization element 442 is located betWeen the sec 
ond re?ector 420 and the PBS 410 to rotate a polarization of 
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a re?ection of the second beam at the PBS 410 to be perpen 
dicular to the second beam When initially exiting the PBS 
410. The ?rst and the second re?ectors 430 and 420 are 
positioned to produce a difference in optical paths of the ?rst 
and the second beams upon being re?ected back to the PBS 
410. When operated as an optical depolarizer, this difference 
is set to be greater than the coherent length of the input optical 
beam. 
[0036] FIG. 4 shoWs one implementation of a depolarizer 
400 having a polarization beam splitter 410 and tWo optical 
re?ectors 420 and 430. The polarization beam splitter (PBS) 
410, tWo polarization rotators 441 and 442, tWo mirrors (re 
?ectors) 420 and 430 and a prism re?ector 450 are arranged as 
illustrated. The input light 101 may be delivered to the input 
facet of the PBS 410 With the input SOP oriented a degrees 
from the passing axis of the PBS. An input ?ber, made of a 
polarization maintaining (PM) ?ber having one polarization 
axis aligned at a degrees from the passing axis of the PBS, 
may be used to deliver the input light to the PBS 410. Each of 
the polarization rotators 441 and 442 may be either a 45-de 
gree Faraday rotator or a quarter-Wave plate. 

[0037] Under this input condition, the linearly polarized 
input light 401 is split by the PBS 410 into tWo orthogonally 
polarized beams 412 and 411: the “s” and “p” components. 
Assuming the PBS 410 re?ects the “s” component 412 and 
passes the “p” component 411, the “p” component 411 goes 
through a longer optical path than the “s” component 412. 
After re?ection from the mirrors 420 and 430, the “s” com 
ponent 412 becomes “p” and the “p” components 411 
becomes “s” so that both components are directed toWards the 
prism re?ector 450 by the PBS 410. In order to achieve 
effective depolarization, it is desirable that the optical path 
difference betWeen the tWo components be larger than the 
coherence length of the light source that produces the input 
light 401. In comparison With a typical Lyot depolarizer, this 
device 400 has the advantage of smaller size because of the 
double pass free-space design. In addition, the cost of the 
device 400 is also loWered because no birefringent crystal is 
required. Table III shoWs the minimum device length for light 
source With different lineWidth. As indicated, the length of 
GP’s depolarizer is 10 times less that that of a single section 
Lyot depolarizer. 
[0038] In this implementation, the poWers of the and 
“p” components 412 and 411 should also be equal at the 
output in order to be an effective depolarizer. Assuming the 
transmission coe?icients of the “s” and “p” components are 
TS and Tp respectively, the orientation angle 0t of the input 
SOP should be: 

(Himl (T/TP). 

Note that if quarter Waveplates are used as the polarization 
rotator 441 or 442, the relative orientation angle of the Wave 
plates should be 45° from the passing axes of the polarization 
beamsplitter 410. This alternative design is shoWn in FIG. 5. 

TABLE III 

Length of Lyot 
depolarizer 

LineWidth Coherent length Length of GP depolarizer (En = 0.2) 

1 nm 2.4 mm 1.2 mm 12 mm 

0.1 nm 24 mm 12 mm 120 mm 

0.01 nm 240 mm 120 mm 1200 mm 
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[0039] If the input ?ber coupled to the PBS 410 is imple 
mented With a single mode ?ber, the device in FIG. 4 or FIG. 
5 can be used as a differential group delay (DGD) line for 
PMD compensation because different polarization compo 
nents undergo different optical path delays. The relationship 
betWeen the minimum device length (excluding lengths of 
PBS and re?ection prism) and DGD is listed in Table IV. 
Highly compact DGD component can be made With this 
approach. In addition, because the light beams are propagat 
ing in the air and the air has negligible dispersion, the device 
can be used to produce a pure ?rst order DGD. 

TABLE IV 

Equivalent optical 
DGD path length Device length 

10 ps 3 mm 1.5 mm 

25 ps 7.5 mm 3.75 mm 

50 ps 15 mm 7.5 mm 

100 ps 30 mm 15 mm 

200 ps 60 mm 30 mm 

[0040] FIG. 6 shoWs a con?guration 600 that is capable of 
depolarizing light of a long coherence length. In this con?gu 
ration, a ?ber collimator 610 is used to focus the light of “p” 
polarization into a single mode ?ber 620 as an optical path 
betWeen the PBS 410 and the re?ector 430. A 90-degree 
Faraday mirror is formed by the re?ector 430 and a 45-degree 
Faraday rotator 441 at the other end of the ?ber 620 to re?ect 
the light back onto the polarization beamsplitter 410. Due to 
the unique ortho-conjugate property of the Faraday mirror, 
the re?ected light is orthogonally polarized With respect to the 
forWard propagating light everyWhere along the ?ber 620, 
despite of the birefringence in the single mode ?ber 620. 
Consequently, the re?ected light becomes a “s” polarized 
light at the PBS 410 and is re?ected toWards the output to 
combine With light that travels in the short path formed by the 
re?ector 420. Different from the polarization rotator 441 
Which must be a 45 -degree Faraday rotator right in front of the 
re?ector 430, the polarization rotator 442 may be located at 
the PBS 410 and may be either a 45-degree Faraday rotator or 
a quarter-Wave plate. The single mode ?ber 620 can be easily 
and inexpensively used as a long optical path With a length up 
to many kilometers. Therefore, With this con?guration, the 
device 600 can depolarize light With a extremely long coher 
ence length. 
[0041] Assuming the transmission coe?icients of the tWo 
paths are T 1 and T2 respectively, the orientation angle 0t of the 
input SOP should be a?an_1(T1/T2) in order to have an equal 
poWer or the least DOP at the output. 
[0042] In principle, a polarization combiner may operate as 
a polarization depolarizer by combining tWo independent 
lasers of orthogonal SOP into a single beam. HoWever, the 
optical poWers of the tWo lasers should be equalized in order 
to obtain small enough DOP. Equalization of the tWo lasers 
may require actively monitoring the laser poWers and feed 
back control the poWer of one of the lasers, resulting in an 
increased system cost. 
[0043] FIG. 7A shoWs a device 700 that combines a polar 
ization beam combiner With a depolarizer. Using this device 
700, tWo laser beams 1 and 2 may be easily combined With a 
minimum DOP, Without the need to equalize the poWers of the 
lasers that generate the laser beams 1 and 2, respectively. A 
PM dual ?ber collimator 710 is used to collimate the laser 
beams 1 and 2 carried by tWo input PM ?bers With orthogonal 
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polarizations. A polarization beam combiner 720, such as a 
Wollaston prism, is used to combine the orthogonally polar 
ized beams 1 and 2 from the tWo input PM ?bers respectively 
carrying the beams 1 and 2 into a single input beam. A ?ber 
collimator 730 may be used to receive and collimate the 
depolarized output beam from the prism re?ector 450. As 
illustrated, the Wollaston prism 720 includes tWo birefringent 
prisms that are either spaced or cemented to combine tWo 
beams With mutually orthogonal polarizations into one beam. 
One used in the reverse direction, a single unpolarized beam 
can be separated into tWo diverging beams With mutually 
orthogonal polarizations. 
[0044] FIG. 7B shoWs relevant states of polarization in the 
device 700, Where the collimator 710 and prism 720 are so 
oriented that both polarizations are 45° from the passing axis 
of the PBS 410. In order for the optical poWers at the output 
?ber from the short path and long path to be the same, the 
mirror 420 in the short path may be slightly mis-aligned to 
accommodate for the slightly higher loss in the long path. 
[0045] An alternative con?guration is shoWn in FIG. 8. In 
this con?guration, a cube polarization combiner 830 is used 
to replace the Wollaston prism 720 in FIG. 7A to combine tWo 
input beams into one input beam to the PBS 410. As illus 
trated, an optional half Wave plate 840 may be used to rotate 
the tWo input polarization states so that they are 45° from the 
passing axis of the polarization beam splitter 410. The rest of 
the arrangement is identical to that in FIG. 7A. 

[0046] A ?berpigtailed polarization beam combiner (PBC) 
910 may be cascaded With the depolarizer depicted in FIG. 4 
or FIG. 5 to form a PBC/depolarizer, as shoWn in FIG. 9. In 
this con?guration, the ?ber pigtails of the PBC should be of 
PM ?ber and the PM ?ber collimator should be rotated such 
that the sloW axis is 45° from the passing axis of the PBS. 
[0047] Based on the above designs, ?ber-coupled devices 
may be made to have speci?cations listed in TABLES V and 
VI. 

TABLE V 

Speci?cation of an exemplary depolarizer 

Insertion loss <0.75 dB 
Operation lineWidth <0.1 nrn 
Return loss 50 dB rnin. 
Center Wavelength 1550 nrn, 1310 nm 
Wavelength range +/—100 nrn 
DOP <5% 
Input ?ber PM for polarization sensitive version 

SM for polarization insensitive version 
Output ?ber SM 
Operation temperature 0 to 60 degree C. 
Storage temperature —40 to + 80 degree C. 
Power handling >300 rnW 

TABLE VI 

Speci?cation for an exemplary ?rst order DGD device 

Insertion loss <0.75 dB 
1“ order DGD 12 ps, 25 ps, 50 ps, 86 ps 
Return loss 50 dB rnin. 
Center Wavelength 1550 nm, 1310 nm 
Wavelength range +/—100 nrn 
Higher order PMD <10 ps2 
Input ?ber SM 
Output ?ber SM 
Operation temperature 0 to 60 degree C. 
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TABLE Vl-continued 

Speci?cation for an exemplary ?rst order DGD device 

Storage temperature 
Power handling 

—40 to + 80 degree C. 
>300 mW 

[0048] In the devices shown in FIGS. 4, 6, 7A, 8, and 9, the 
position of one of the re?ectors 420 and 430 may be adjusted 
to vary the relative optical delay between the two re?ected 
optical signals from the re?ectors 420 and 430 to produce a 
variable DGD. In the device in FIGS. 6, 7A, and 8, the ?ber 
620 may be engaged to a ?ber stretcher or other device to vary 
the ?ber length to produce the desired variable DGD. 
[0049] FIG. 10 shows yet another design 1000 for imple 
menting depolarizers or DGD generators based on optical 
delay in two different optical paths. The design 1000 includes 
two optical paths formed by two Faraday re?ectors 1050 and 
1060 with two single-mode ?bers 1040 and 1070, respec 
tively. An input PM ?ber 1010 is used to carry the input 
optical signal. The input PM ?ber 1010 is oriented such that 
the incoming light is split 50% each into the two single mode 
?bers 1040 and 1070 of different lengths. As illustrated, a 
polarization beam splitter 1030 is engaged to the input PM 
?ber 1010 to perform this power splitting to produce two 
orthogonally-polarized beams that are respectively coupled 
into the ?bers 1040 and 1070. At the opposite ends of the 
?bers 1040 and 1070 are coupled with the Faraday re?ectors 
1050 and 1060, respectively. Each Faraday re?ector may be 
formed by a 45-degree Faraday rotator and a re?ector. The 
re?ected signals are directed back to the polarization beam 
splitter which now operates as a polarization beam combiner 
in this reversed input condition. The two re?ected signals are 
combined into a single output beam. On the other side of the 
splitter 1030, a single-mode output ?ber 1020 is coupled to 
receive the output beam. 
[0050] The device 1000 may be used as a variable DGD 
generator where a mechanism is implemented to adjust the 
difference in the optical path lengths of two ?bers 1040 and 
1070. A ?ber stretcher, for example, may be engaged to one 
?ber to change the difference. When used as a depolarizer, the 
difference is set to be greater than the coherence length of the 
input signal. 
[0051] Only a few implementations are disclosed. How 
ever, it is understood that variations and enhancements may 
be made without departing from the spirit of and are intended 
to be encompassed by the following claims. 
What is claimed is: 
1. A device, comprising: 
a polarization beam splitter (PBS) to receive an input opti 

cal beam with a coherent length and to split the input 
optical beam into a ?rst beam and a second beam polar 
ized orthogonal to said ?rst beam; 

a ?rst re?ector positioned relative to said PBS to re?ect 
said ?rst beam back to said PBS; 

a ?rst polarization element located between said ?rst 
re?ector and said PBS to rotate a polarization of a re?ec 
tion of said ?rst beam at said PBS to be perpendicular to 
said ?rst beam when initially exiting said PBS; 
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a second re?ector positioned relative to said PBS to re?ect 
said second beam back to said PBS; and 

a second polarization element located between said second 
re?ector and said PBS to rotate a polarization of a re?ec 
tion of said second beam at said PBS to be perpendicular 
to said second beam when initially exiting said PBS, 
wherein said ?rst and said second re?ectors are posi 
tioned to produce a difference in optical paths of said 
?rst and said second beams upon being re?ected back to 
said PBS that is greater than said coherent length. 

2. The device as in claim 1, wherein said ?rst polarization 
element is a quarter wave plate. 

3. The device as in claim 1, wherein said ?rst polarization 
element is a 45-degree Faraday rotator. 

4. The device as in claim 3, wherein said 45 -degree Faraday 
rotator is located in front of said ?rst re?ector to form a 
Faraday re?ector. 

5. The device as in claim 4, further comprising a ?ber 
coupled between said PBS and said 45-degree Faraday rota 
tor. 

6. The device as in claim 5, wherein said ?ber is a single 
mode ?ber. 

7. The device as in claim 1, further comprising: 
two ?bers to carry two input beams with orthogonal polar 

izations; 
a dual ?ber collimator coupled to said two ?bers to colli 

mate said two input beams from said two ?bers; and 
a polarization beam combiner to combine said two input 
beams into a single beam as said input optical beam to 
said PBS. 

8. The device as in claim 7, wherein said two ?bers are 
polarization maintaining ?bers. 

9. The device as in claim 7, wherein said polarization beam 
combiner is a Wollaston prism. 

10. The device as in claim 1, further comprising: 
two ?bers to carry two input beams with orthogonal polar 

izations; and 
a polarization beam combiner to combine said two input 
beams into a single beam as said input optical beam to 
said PBS. 

11. A method, comprising: 
splitting an input optical beam at an input location into ?rst 

and second beams with orthogonal polarizations; 
using at least one re?ector to re?ect the ?rst input beam 

along a ?rst optical path that is different from a second 
optical path of the second beam with different optical 
path lengths; and 

combining the ?rst and second beams from the ?rst and 
second optical paths at a common location to produce a 
single output beam. 

12. The method as in claim 11, further comprising adjust 
ing a difference in optical path lengths of the ?rst and second 
optical paths. 

13. The method as in claim 11, further comprising making 
a difference between optical path lengths of the ?rst and 
second optical paths to be greater than a coherence length of 
the input optical beam. 


